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(54) Preparation and use of heterogeneous catalyst components for olefins polymerization 



(57) Heterogeneous catalytic component obtaina- 
ble by reacting a porous inorganic support with a met- 
allocene compound characterized in that the metal- 
locene compound is defined by the following general for- 
mulas: 
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wherein: 

L, equal to or different from each other, is selected 



from the group comprising: cyclopentadienyl, indenyl 
tetrahydroindenyl, fluorenyl, octahydrofluorenyl or ben- 
zoindenyl; each R is independently selected from hydro- 
gen, C r C 20 alkyl, C^C^ cycloalkyt, C 6 -C 20 aryl, C 3 - 
C20 alkenyl, C 7 -C 20 arylalkyl, C 7 -C 20 alkylaryl, C 8 -C 20 
arylalkenyl, linear or branched, optionally substituted by 
1 to 10 halogen atoms, or a group SiR n 3 ; each R 1 equal 
to or different from each other is a divalent aliphatic or 
aromatic hydrocarbon group containing from 1 to 20 car- 
bon atoms, optionally containing from 1 to 5 heter- 
oatoms of groups 14 to 16 of the periodic table of the 
elements and boron; each Q is independently selected 
from B, C, Si Ge, Sn; M is a metal of group 3, 4 or 10 of 
the Periodic Table, Lanthanide or Actinide; each X is in- 
dependently selected from: hydrogen, chlorine, bro- 
mine, OR", NR'^, C r C 20 alkyl or C 6 -C 20 aryl; each R» 
is independently selected from C r C 20 alkyl •, C 3 -C 2 o cy- 
cloalkyl C 6 -C 20 aryl, C3-C20 alkenyl, C 7 -C 20 arylalkyl, 
C 7 -C 20 arylalkenyl or alkylaryl, linear or branched; R" is 
methyl, ethyl, isopropyl; L' is N or O; when L is cyclopen- 
tadienyl k is equal to 5, when L is indenyl k is equal to 
7, when L is fluorenyl or benzoindenyl k is equal to 9, 
when L is tetrahydroindenyl k is equal to 11 and when L 
is octahydrofluorenyl, k is equal to 17; z is equal to 0, 1 
or 2; x is equal to 1 , 2 or 3; y is equal to 1 , 2 or 3; x + y 
+ z is equal to the valence of M; m is an integer which 
can assume the values 1 , 2, 3 or 4; a and b are integers 
whose value ranges from 0 to k-1 ; f is an integer whose 
value ranges from 1 to k; 9 is 0 or 1 ; c and e are equal 
to 0 or 1 ; a + b + c is at least 1 ; a + g + c is at least 1 ; 
d is equal to 0, 1 or 2; when Q is B, then c + d = 1 ; when 
Q is C, Si, Ge or Sn, then c + d = 2; when L' is N, then 
g + e = 1 ; when L* is O, then g = 0 and e = 0. 
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Description 

[0001] The present invention relates to heterogeneous catalytic systems and its use in olefin polymerization, 
s STATE OF THE ART 



[0002] It is very well known that homogeneous catalytic systems present a disadvantage: when they are used in 
suspension polymerization processes, a part of the produced polymer adheres to the reactor walls; this effect is tech- 
nically called "reactor fouling". Besides, in most cases, the particle size of the obtained polymer is very small and the 
to apparent density is low, thus the industrial production is reduced. In order to prevent the reactor from fouling and to 
control the size and the morphology of the polymer particles which are formed, the homogeneous system can be 
supported on an inorganic oxide. 

[0003] In the last years different preparatory strategies have been used in order to reach this aim. EPA-206794 
(Exxon) discloses a catalyst which comprises a carrier, a metallocene, and an alumoxane. The carrier is first treated 
is with alumoxane and then the metallocene is added. EP-A-295312 (Mitsui) discloses a catalyst consisting of a carrier 
wherein alumoxane is precipitated and then the resulting material is impregnated with a metallocene. No additional 
cocatalyst is used in the polymerization process. 

[0004] The first application claiming a process wherein the metallocene is covalently bonded to the support surface 
is EP 293815 (HOECHST). The metallocene contains a SiOR group that reacts with the OH groups on the surface of 
so the support. 

[0005] EP 757053 (HOECHST) supports the metallocene by reacting the hydroxyls of the inorganic support with a 
metallocene which contains a M-R-Z-CI group, wherein M is Si, Ge or Sn and Z is B, Si, Ge or Sn. 
[0006] EP 757992 (Repsol) supports functional ized metallocenes being CI-Si(Me 2 )- by reacting the organometallic 
compound with or without functionalized carriers. 
25 [0007] Unpublished application EP 975001 87.6 in the name of the applicant supports the metallocene by reacting a 
metallocene containing a group OSiR" 3 wherein R" is C r C 20 alkyl, C3-C20 cycloalkyl, C 6 -C 20 aryl, C 7 -C2o alkenyl or 
C7-C20 arylalkenyl with a inorganic support. 

[0008] Object of the present invention is the preparation of a supported catalyst for polymerization of olefins, which 
results in a polymer having a very good morphology. 
30 [0009] Thanks to the methods described in the present invention, heterogeneous catalysts can be obtained; they 
allow to effectively control the morphology and the distribution of particle sizes, with a regular growth of the polymer 
around the catalyst particles. 

[0010] A further object of the present invention is a process for obtaining a supported catalyst by reacting a metal- 
locene compound having an hydroxy group with an alumoxane or a trtalkylaluminum. 

35 

DETAILED DESCRIPTION OF THE INVENTION 



[0011] The present invention relates to heterogeneous catalytic systems obtained by reacting a specific class of 
metallocene compounds with an inorganic support. 
40 [001 2] According to the present invention the specific class of metallocene compounds is defined by general formulas 
I, II and III. 
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wherein: 

is l, equal to or different from each other, is selected from the group comprising: cyclopentadienyl, indenyl, tetrahy- 

droindenyl, fluorenyl, octahydrofluorenyl and benzoindenyl; 

each R is independently selected from hydrogen, C,-C 20 alkyl, C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, 03-620 alkenyl, C 7 - 
C 20 arylalkyl, C 7 -C 20 alkylaryl, Cq-C^ arylalkenyl, linear or branched, optionally substituted by 1 to 10 halogen 
atoms, or a group SiR n 3 ; 

20 each R' is independently a group SiR n 2 or a divalent aliphatic or aromatic hydrocarbon group containing from 1 to 

20 carbon atoms, optionally containing from 1 to 5 heteroatoms of groups 14 to 16 of the periodic table of the 
elements and boron ; preferably it is: C r C 20 alkylene, C 3 -C 20 cycloalkylene, O^C^ arylene, Cj-C^ alkenyl, C r 
C 20 arylalkylene, or alkylarylene, linear or branched, or a group SiR" 2 ; 
each Q is independently selected from B, C, Si, Ge, Sn; 

25 M is a metal of group 3, 4 or 10 of the Periodic Table, Lanthanide or Actinide; preferably it is titanium, zirconium 

or hafnium; 

each X is independently selected from: hydrogen, chlorine, bromine, OR n , NR M 2 , C r C 20 alkyl or C 6 -C 20 aryl ; 
each R" is independently selected from C r C 20 alkyl , C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C 3 -C 20 alkenyl, Cy-C^ ary- 
lalkyl. Cg-CgQ arylalkenyl or Cj-C^ alkylaryl, linear or branched; preferably R" is methyl, ethyl, isopropyl; 
30 L* is N or O; 

k depends of the type of L; more specifically when L is cyclopentadienyl k is equal to 5, when L is indenyl k is equal 

to 7, when L is fluorenyl or benzoindenyl k is equal to 9, when L is tetrahydroindenyl k is equal to 11 and when L 

is octahydrofluorenyl, k is equal to 17; 

z is equal to 0, 1 or 2; 
35 x is equal to 1 , 2 or 3; 

y is equal to 1, 2 or 3; 

x + y + z is equal to the valence of M; 

m is an integer which can assume the values 1 , 2, 3 or 4; 

a and b are integers whose value ranges from 0 to k-1 ; 
40 f is an integer whose value ranges from 1 to k; preferably f is 1 ; 

g is an integer whose value ranges from 0 to 1; 

c and e are equal to 0 or 1 ; 

a + b + c is at least 1 ; preferably a + b + c is 1 or 2; 
a + g + c is at least 1 ; preferably a + g + c is 1 or 2; 
45 d is equal to 0, 1 or 2; 

when Q is B, then c + d = 1 ; 

when Q is C, Si, Ge or Sn, then c + d = 2; 

when V is N, then g + e = 1 ; 

when L* is O, then g = 0 and e = 0. 

50 

[0013] Non limiting examples of R'OH are: CH 2 -CH 2 OH; CH 2 -CH 2 -CH 2 OH; 0-CH 2 -CH 2 OH; SiMe 2 -CH 2 -CH 2 OH; 
CH 2 -C 5 H 5 -CH 2 OH; CH(C 2 H 5 )-CH 2 OH; C(CH 3 ) 2 -C(CH 3 ) 2 OH; CH(CH 3 )-CH(CH 3 )OH; SiMe 2 -CH 2 -CH 2 -CH 2 OH. 
[0014] Preferably R'OH is selected from CH 2 -CH 2 OH, CH 2 -CH 2 -CH 2 OH, 0-CH 2 -CH 2 OH, SiMe 2 -CH 2 -CH 2 -CH 2 OH. 
SiMe 2 -CH 2 -CH 2 OH. 

55 [0015] Preferred structures of compounds of formula I, II and ill are the following: 
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[0016] Cp, Ind, Bzind and Fluo indicate respectively a cyclopentadienyl, indenyl, benzoindenyl and fluorenyl ring 
optionally substituted by C^C^ alkyl , C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C 3 -C 20 alkenyl, C 7 -C 20 arylalkyl, Cq-C^ aryla- 
Ikenyl or C 7 -C 20 alkylaryl; the maximum number of substituents depends on the amount of hydrogen which can be 
substituted; R, R' and X have the above indicated meaning. 
[0017] Preferred compounds for use in the present invention are the following: 

bis(2-hydroxyethyl-cyclopentadienyl) zirconium dichloride; 
(2-hydroxyethyl-cyclopentadienyl)(cyclopentadienyl) zirconium dichloride ; 
(2-hydroxyethyl-cyclopentadienyl)(indenyl) zirconium dichloride; 
(2-hydroxyethyl-cyclopentadienyl)(2-methyl-indenyl) zirconium dichloride; 
(2-hydroxyethyl-cyclopentadienyl)(fluorenyl) zirconium dichloride; 
(2-hydroxyethyl-cyclopentadienyl)(9-methyl-fluorenyl) zirconium dichloride; 
(2-hydroxyethyl-cyclopentadienyl)(pentamethylcyclopentadienyl) zirconium dichloride; 
bis(3-hydroxyropyl-cyclopentadienyl) zirconium dichloride; 
(3-hydroxyropyl-cyclopentadienyl)(cyclopentadienyl) zirconium dichloride ; 
(3-hydroxyropyl-cyclopentadienyl)(indenyl) zirconium dichloride; 
(3-hydroxyropyl-cyclopentadienyl)(2-methyl-indenyl) zirconium dichloride; 
(3-hydroxyropyl-cyclopentadienyl)(fluorenyl) zirconium dichloride; 
(3-hydroxyropyl-cyclopentadienyl)(9-methyl-fluorenyl) zirconium dichloride; 
(3-hydroxyropyl-cyclopentadienyl)(pentamethylcyclopentadienyl) zirconium dichloride; 
bis(2-hydroxy-ethoxy-cyclopentadienyl) zirconium dichloride; 
(2-hydroxy-ethoxy-cyclopentadienyl) (cyclopentadienyl) zirconium dichloride ; 
(2-hydroxy-ethoxy-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
(2-hydroxy-ethoxy-cyclopentadienyl)(2-methyl-indenyl) zirconium dichloride; 
(2-hydroxy-ethoxy-cyclopentadienyl)(fl uorenyl) zirconium dichloride; 
(2-hydroxy-ethoxy-cyclopentadienyl)(9-methyl-fluorenyl) zirconium dichloride; 
(2-hydroxy-ethoxy-cyclopentadienyl)(pentamethylcyclopentadienyl) zirconium dichloride; 
bis(2-hydroxy-ethyl-(dimethyl)silyl-cyclopentadienyl) zirconium dichloride; 
(2-hydroxy-ethyl-(dimethyl)silyl-cyclopentadienyl)(cyclopentadienyl) zirconium dichloride; 
(2-hydroxy-ethyl-(dimethyl)silyl-cyclopentadienyl)(indenyl) zirconium dichloride; 
(2-hydroxy-ethyl-(dimethyl)silyl-cyclopentadienyl)(2-methyl-indenyl) zirconium dichloride; 
(2-hydroxy"ethyl-(dimethyl)silyl-cyclopentadienyl)(fluorenyt) zirconium dichloride; 
(2-hydroxy-ethyl-(dimethyl)silyl-cyclopentadienyl)(9-methyl-fluorenyl) zirconium dichloride; 
(2-hydroxy-ethyl-(dimethyl)silyl-cyclopentadienyl)(pentamethylcyclopentadienyl) zirconium dichloride; 
(3-hydroxy-propyl-(dimethyl)silyl-cyclopentadienyi)(cyclopentadienyl) zirconium dichloride; 
(3-hydroxy-propyl-(dimethyl)silyl-cyclopentadienyl)(indenyl) zirconium dichloride; 
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(3-hydroxy-propy!-(dimethyl)silyl-cyclopentadienyl)(2-methyl-indenyl) zirconium dichloride; 
(3-hydroxy-propyl-(dimethyl)silyl-cyclopentadienyl)(fluorenyl) zirconium dichloride; 
(3-hydroxy-propyl-(dimethyl)silyl-cyclopentadienyl)(9-methyl-fluorenyl) zirconium dichloride; 
(3-hydroxy-propyl-(dimethyl)silyl-cyclopentadienyl)(pentamethylcyclopentadienyl) zirconium dichloride; 
bis(2-hydroxy-(dimethyl)silyl-cyclopentadienyl) zirconium dichloride; 
(2-hydroxy-(dimethyl)silyl-cyclopentadienyl)(cyclopentadienyl) zirconium dichloride; 
dimethylsilandiylbis(2-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 
dimethylsilandiylbis(3-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxyethyl)-cyciopentadienyl) (ciclopentadienil) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxyethy1)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
dimethylsi!andiyl(3-(2-hydroxyethyl)-cyc)opentadienyl)(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxyethyl)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxyethyl)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxyethyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxyethyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxyethyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxyethyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxyethyl)-cyclopentadienyl)(1-(2methylbenzoindenyl)) zirconium dichloride; 
dimethylsilandiylbis(2-(3-hydroxypropyl)-cyclopentadienyl) zirconium dichloride; 
dimethylsilandiylbis(3-3-hydroxyropyl-cyclopentadienyl) zirconium dichloride; 
dimethylsilandiyl(3-3-hydroxyropyl-cyclopentadienyl) (ciclopentadienil) zirconium dichloride; 
dimethylsilandiyl(2-(3-hydroxypropyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(3'3-hydroxyropyl-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(2-(3-hydroxypropyl)-cyclopentadienyl)(-(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(3-3-hydroxyropyl-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(2-(3-hydroxypropyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
dimethylsilandiy(3-3-hydroxyropyl-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(2-(3-hydroxypropyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiyl(3-3-hydroxyropyl-cyclopentadienyl)(9-(2-methyMluorenyl)) zirconium dichloride; 
dimethylsilandiyl(3-3-hydroxyropyl-cyclopentadienyl)(1-(2methyibenzoindenyl» zirconium dichloride; 
dimethylsilandiylbis(2-(2-hydroxy)-ethoxy-cyclopentadienyl) zirconium dichloride; 
dimethylsilandiylbis(3-(2-hydroxy)-ethoxy-cyclopentadienyl) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxy)-ethoxy-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
dimethylsilandiy(3-(2-hydroxy)-ethoxy-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxy)-ethoxy-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
dimethy!silandiyl(3-(2-hydroxy)-ethoxy-cyclopentadienyl)(1'(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxy)-ethoxy-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxy)-ethoxy'Cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxy)-ethoxy-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxy)-ethoxy-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiylbis(2-(2-hydroxy-ethyl-(dimethyl)si!yl)-cyclopentadienyl) zirconium dichloride; 
dimethylsilandiylbis(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyc!opentadienyl)(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1-(2-methylindenyl)) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1-(2-methylindenyl)) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride;. 
dimethylsilandiyl(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichlo- 
ride; 

dimethylsilandiyl(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichlo- 
ride; 

dimethylsilandiyl(3-(2-hydroxy-(dimethyl)silyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxy-(dimethyl)silyl)-cyclopentadienyl)(1-(2-methyibenzoindenyl)) zirconium dichloride; 
dimethylsilandiylbis(3-(2-hydroxy-(dimethyl)silyl-1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(3-(2-hydroxy-(dimethyl)silyl-1 -indenyl) (1 -indenyl)zirconium dichloride; 
fsopropylidenebis(2-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 
isopropylidenebis(3-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 
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isopropylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
isopropylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
isopropylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(1-(2methylbenzoindenyl)) zirconium dichloride; 
isopropylidenebis(2-(3-hydroxypropyl)-cyclopentadienyl) zirconium dichloride; 
isopropylidenebis(3-(3-hydroxyropyl)-cyclopentadienyl) zirconium dichloride; 
isopropylidene(2-(3-hydroxypropyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
isopropylidene(3-(3-hydroxyropyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
isopropylidene(2-(3-hydroxypropyl)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(3-(3-hydroxyropyl)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(2-(3-hydroxypropyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
isopropylidene(3-(3-hydroxyropyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
isopropylidene(2-(3-hydroxypropyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(3-(3-hydroxyropyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(3-(3-hydroxyropyl)-cyclopentadienyl)(1-(2methylbenzoindenyl)) zirconium dichloride; 
isopropylidenebis(2-(2-hydroxy-ethoxy)-cyclopentadienyl) zirconium dichloride; 
isopropylidenebis(3-(2-hydroxy-ethoxy)-cyclopentadienyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-ethoxy)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
isopropylidene(3-(2-hydroxy-ethoxy)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-ethoxy)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(3-(2-hydroxy-ethoxy)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-ethoxy)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
isopropylidene(3-(2-hydroxy-ethoxy)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-ethoxy)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(3-(2-hydroxy-ethoxy)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidenebis(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl) zirconium dichloride; 
isopropylidenebis(3-(2-hydroxy-ethyl-(dtmethyl)silyl)-cyclopentadienyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
isopropylidene(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
isopropy lidene(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadieny l)( 1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
isopropylidene(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cydopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-(dimethyl)silyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
isopropylidene(2-(2-hydroxy-(dimethyl)silyl)-cyclopentadienyl)(1-(2-methylbenzoindenyl)) zirconium dichloride; 
ethylidenebis(2-(2-hydroxyethyl)-cyctopentadienyl) zirconium dichloride; 
ethylidenebis(3-(2-hydroxyethyl)-cyclopentadienyl) zirconium dichloride; 
ethylidene(3-(2-hydroxyethyl)-cyclopentadienyl) (cyclopentadienyl) zirconium dichloride; 
ethylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
ethylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
ethylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(3-(2-hydroxyethyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(2-(2-hydroxyethyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidene(3-(2-hydroxyethyl)-cyclopentadienyt)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidenebis(2-(3-hydroxypropyl)-cyclopentadienyl) zirconium dichloride; 
ethylidenebis(3-(3-hydroxyropyl)-cyclopentadienyl) zirconium dichloride; 
ethylidene(3-(3-hydroxyropyl)-cyclopentadienyl) (cyclopentadienyl) zirconium dichloride; 
ethylidene(2-(3-hydroxypropyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
ethylidene(3-3-hydroxyropyl-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
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ethylidene(2-(3-hydroxypropyl)-cyclopentadienyl)(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(3-(3-hydroxyropyl)-cyclopentadienyl)(l -(2-methyl-indenyi)) zirconium dichloride; 
ethylidene(2-(3-hydroxypropyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(3-3-hydroxyropyl-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(2-(3-hydroxypropyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidene(3-3-hydroxyropyl-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidenebis(2-(2-hydroxy-ethoxy)-cyclopentadienyl) zirconium dichloride; 
ethylidenebis(3-(2-hydroxy-ethoxy)-cyclopentadienyl) zirconium dichloride; 
ethylidene(2-(2-hydroxy-ethoxy)-cyclopentadienyi)(1 -indenyl) zirconium dichloride; 
ethylidene(3-(2-hydroxy-ethoxy)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
ethylidene(2-(2-hydroxy-ethoxy)-cyclopentadienyl)(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(3-(2-hydroxy-ethoxy)-cyclopentadienyl)(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(2-(2-hydroxy-ethoxy)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(3-(2-hydroxy-ethoxy)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(2-(2-hydroxy-ethoxy)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidene(3-(2-hydroxy-ethoxy)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidenebis(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl) zirconium dichloride; 
ethylidenebis(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl) zirconium dichloride; 
ethylidene(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
ethylidene(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
ethylidene(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
ethylidene(2-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidene(3-(2-hydroxy-ethyl-(dimethyl)silyl)-cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiylbis(1 -(2-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
dimethy Isi1andiylbis(1 -(3-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1-(2-(2-hydroxyethyl)-indenyl))(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(1 -(3-(2-hydroxyethyl)-indenyl))(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(1 -(2-(2-hydroxyethyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1 -(3-(2-hydroxyethyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1 -(2-(2-hydroxyethyl)-indenyl))(9-fluorenyl) zirconium dichloride; 
dimethy lsilandiyl( 1 -(3-(2-hydroxyethy l)-indeny l))(9-f luorenyl) zirconium dichloride; 
dimethylsilandiyl(1-(2-(2-hydroxyethyl)-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiyl(1-(3-(2-hydroxyethyl)-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiylbis(1 -(2-(3-hydroxypropyl)-indenyl)) zirconium dichloride; 
dimethylsilandiylbis(1 -(3-(3-hydroxyropyl)-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1 -(2-(3-hydroxypropyl)-indenyl))(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(1 -(3-(3-hydroxyropyl)-indenyl))(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(1 -(2-(3-hydroxypropyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1 -(3-(3-hydroxyropyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1 -(2-(3-hydroxypropyl)-indenyl))(9-fluorenyl) zirconium dichloride; 
dimethy lsilandiyl(1-(3-(3-hydroxy ropy l)-indenyl))(9-f luorenyl) zirconium dichloride; 
dimethylsilandiyl(1-(2-(3-hydroxypropy0-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethy Isilandiy l( 1 -(3-(3-hydroxy ropy l)-indeny l))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiylbis(1 -(2-(2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 
dimethylsilandiylbis(1 -(3-(2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1-(2-(2-hydroxy-ethoxy-indenyl))(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(1-(3-(2-hydroxy-ethoxy-indenyl))(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(1 -(2-(2-hydroxy-ethoxy-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1 -(3-(2-hydroxy-ethoxy-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiy!(1 -(2-(2-hydroxy-ethoxy-indenyl))(9-fluorenyl) zirconium dichloride; 
dimethylsi!andiyl(1 -(3-(2-hydroxy-ethoxy-indenyl))(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(1-(2-(2-hydroxy-ethoxy-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiyl(1-(3-(2-hydroxy-ethoxy-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
dimethylsilandiylbis(1 -(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl)) zirconium dichloride; 
dimethylsilandiylbis(1 -(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl)) zirconium dichloride; 
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dimethylsilandiyl(1-(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1-indenyl) zirconium dichloride; 
dimethylsilandiyl(1 -(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1 -indenyl) zirconium dichloride; 
dimethylsilandiyl(1-(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1-(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1 -(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
dimethylsilandiyl(1-(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(1-(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-fluorenyl) zirconium dichloride; 
dimethylsilandiyl(1-(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-(2-methyt-fluorenyl)) zirconium dichloride; 
dimethylsilandiyl(1-(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidenebis(1 -(2-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
isopropylidenebis(1 -(3-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
isopropylidene(1 -(2-(2-hydroxyethyl)-indenyl))(1 -indenyl) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxyethyl)-indenyi))(1 -indenyl) zirconium dichloride; 
isopropylidene(1 -(2-(2-hydroxyethyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxyethyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(1 -(2-(2-hydroxyethyl)-indenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxyethyl)-indenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(1 -(2-(2-hydroxyethyl)-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(1 >(3-(2-hydroxyethyl)Hndenyl))(9-(2-melhyl-fluorenyl)) zirconium dichloride; 
isopropylidenebis(1 -(2-(3-hydroxypropyl)-indenyl)) zirconium dichloride; 
isopropylidenebis(1 -(3-3-hydroxyropyl-indenyl)) zirconium dichloride; 
isopropylidene(1 -(2-(3-hydroxypropyl)-indenyl))(1 -indenyl) zirconium dichloride; 
isopropylidene(1 -(3-3-hydroxyropyl-indenyl))(1 -indenyl) zirconium dichloride; 
isopropylidene(1 -(2-(3-hydroxypropyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(1 -(3-3-hydroxyropyl-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(1 -(2-(3-hydroxypropyl)-indenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(1 -(3-3-hydroxyropyl-indenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(1 -(2-(3-hydroxypropyl)-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(1 -(3-3-hydroxyropyl-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidenebis(1 -(2-{2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 
isopropylidenebis(1 -(3-(2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 
isopropylidene(1 : (2-(2-hydroxy-ethoxy-indenyl))(1 -indenyl) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxy-ethoxy-indenyl))(1 -indenyl) zirconium dichloride; 
isopropylidene(1 -(2-(2-hydroxy-ethoxy-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxy-ethoxy-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(1 -(2-(2-hydroxy-ethoxy-indenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxy-ethoxy-indenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(1 -(2-(2-hydroxy-ethoxy-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxy-ethoxy-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidenebis(1 -(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl)) zirconium dichloride; 
isopropylidenebis(1 -(3-(2-hydroxy-ethyl-(dimethyl)silyJ-indenyl)) zirconium dichloride; 
isopropylidene(1 -(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1 -indenyl) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1 -indenyl) zirconium dichloride; 
isopropylidene(1 -(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl)){1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(1-(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(1-(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(1-(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidene(1-(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidenebis(1 -(2-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
ethylidenebis(1 -(3-(2-hydroxyethyl)-indenyl)) zirconium dichloride; 
ethylidene(1-(2-(2-hydroxyethyl)-indenyl))(1 -indenyl) zirconium dichloride; 
ethylidene(1-(3-(2-hydroxyethyl)-indenyl))(1 -indenyl) zirconium dichloride; 
ethylidene(1-(2-(2-hydroxyethyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(1-(3-(2-hydroxyethyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(1 -(2-(2-hydroxyethyl)-indenyl))(9-fluorenyl) zirconium dichloride; 
ethylidene(1 -(3-(2-hydroxyethyl)-indenyl))(9-fluorenyl) zirconium dichloride; 
ethylidene(1 -(2-(2-hydroxyethyl)-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidene(1 -(3-(2-hydroxyethyl)-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
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ethylidenebis(1 -(2-(3-hydroxypropyl)-indeny1)) zirconium dichloride; 

ethylidenebis(1 -(3-3-hydroxyropyl-indenyl)) zirconium dichloride; 

ethylidene(1 -(2-(3-hydroxypropyl)-indenyl))(1 -indenyl) zirconium dichloride; 

ethylidene(1 -(3-3-hydroxyropyl-indenyl))(1 -indenyl) zirconium dichloride; 
5 ethylidene(1 -(2-(3-hydroxypropyl)-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 

ethylidene(1 -(3-3-hydroxyropyl-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 

ethylidene(1 -(2-(3-hydroxypropyl)-indenyl))(9-fluorenyl) zirconium dichloride; 

ethylidene(1-(3-3-hydroxyropyl-indenyl))(9-fluorenyl) zirconium dichloride; dichloride; 

ethylidenebis(1 -(2-(2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 
10 ethylidenebis(1-(3-(2-hydroxy-ethoxy-indenyl)) zirconium dichloride; 

ethylidene(1 -(2-(2-hydroxy-ethoxy-indenyl))(1 -indenyl) zirconium dichloride; 

ethylidene(1 -(3-(2-hydroxy-ethoxy-indenyl))(1 -indenyl) zirconium dichloride; 

ethylidene(1 -(2-(2-hydroxy-ethoxy-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 

ethylidene(1-(3-(2-hydroxy-ethoxy-indenyl))(1-(2-methyl-indenyl)) zirconium dichloride; 
is ethylidene(1 -(2-(2-hydroxy-ethoxy-indenyl))(9-fluorenyl) zirconium dichloride; 

ethylidene(1 -(3-(2-hydroxy-ethoxy-indenyl))(9-fluorenyl) zirconium dichloride; 

ethylidene(1-(2-(2>hydroxy-ethoxy-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 

ethylidene(1 -(3-(2-hydroxy-ethoxy-indenyl))(9-(2-melhyl-fluorenyl)) zirconium dichloride; 

ethylidenebis(1 -(2-(2-hydroxy-ethyl-(dimethyi)silyl-indenyl)) zirconium dichloride; 
20 ethylidenebis(1 -(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl)) zirconium dichloride; 

ethylidene(1-(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1 -indenyl) zirconium dichloride; 

ethylidene(1-(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1-indenyl) zirconium dichloride; 

ethylidene(1-(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1-(2-methyl-indenyl)) zirconium dichloride; 

ethylidene(1 -(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
25 ethylidene(1 -(2-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-fluorenyl) zirconium dichloride; 

ethylidene(1 -(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(94luorenyl) zirconium dichloride; 

ethylidene(1-(2-(2-hydroxy-ethyl-(dimethyl)siIyl-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 

ethylidene(1-(3-(2-hydroxy-ethyl-(dimethyl)silyl-indenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 

dimethylsilylenebis(9-(1 -(2-hydroxyethyl)-fluorenyl)) zirconium dichloride; 
30 dimethy!silylene(9-(1-(2-hydroxyethyl)-fluorenyl))(cyclopentadienyl) zirconium dichloride; 

dimethylsilylene(9-(1 -(2-hydroxyethyl)-fluorenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 

dimethylsilylene(9-(1-(2-hydroxyethyl)-fluorenyl))(1 -indenyl) zirconium dichloride; 

dimethylsilylene(9-(1-(2-hydroxyethyl)-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 

dimethylsilylenebis(9-(1-(3-hydroxyropyl)- fluorenyl)) zirconium dichloride; 
35 dimethylsilylene(9-(1 -(3-hydroxyropyl)-fluorenyl))(9-f luorenyl) zirconium dichloride; 

dimethylsilylene(9-(1 -(3-hydroxyropyl)-fluorenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 

dimethylsilylene(9-(1 -(3-hydroxyropyl)-fluorenyl))(1 -indenyl) zirconium dichloride; 

dimethylsilylene(9-(1-(3-hydroxyropyl)-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 

dimethylsilylenebis(9-(1 -(2-hydroxy-ethoxy)-fluorenyl)) zirconium dichloride; 
40 dimethylsilylene(9-(1 -(2-hydroxy-ethoxy)-fluorenyl))(9-fluorenyl) zirconium dichloride; 

dimethylsilylene(9-(1 -(2-hydroxy-ethoxy)-f luorenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 

dimethylsilylene(9-(1 -(2-hydroxy-ethoxy)-fluorenyl))(1 -indenyl) zirconium dichloride; 

dimethylsilylene(9-(1-(2-hydroxy-ethoxy)-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 

dimethylsilylenebis(9-(1 -(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl)) zirconium dichloride; 
45 dimethylsilylene(9-(1 -(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl))(9-fluorenyl) zirconium dichloride; 

dimethylsilylene(9-(1-(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl))(1-(2-methyl-indenyl)) zirconium dichloride; 

dimethylsilylene(9-(1-(2-hydroxy-ethyl-(dimethyl)sityl-fluorenyl))(1-indenyl) zirconium dichloride; 

dimethylsilylene(9-(1-(2-hydroxy-ethyl-(dimethyl)silyMluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 

isopropylidenebis(9-(1 -(2-hydroxyethyl)-fluorenyl)) zirconium dichloride; 
so isopropyiidene(9-( 1 -(2-hydroxyethyl)-fluorenyl))(9-f luorenyl) zirconium dichloride; 

isopropylidene(9-(1-(2-hydroxyethyl)-fluorenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 

isopropylidene(9-(1 -(2-hydroxyethyl)-fluorenyl))(1 -indenyl) zirconium dichloride; 

isopropylidene(9-(1 -(2-hydroxyethyl)-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 

isopropylidenebis(9-(1 -(3-hydroxyropyl)-fluorenyl)) zirconium dichloride; 
55 isopropylidene(9-(1-(3-hydroxyropyl)-fluorenyl))(9-fluorenyl) zirconium dichloride; 

isopropylidene(9-(1-(3-hydroxyropyl)-fluorenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 

isopropylidene(9-(1 -(3-hydroxyropyl)-fluorenyl))(1 -indenyl) zirconium dichloride; 

isopropylidene(9-(1-(3-hydroxyropyl)-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
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isopropylidenebis(9-(1 -(2-hydroxy-ethoxy)-fluorenyl)) zirconium dichloride; 
isopropylidene(9-(1 -(2-hydroxy-ethoxy)-fluorenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(9-(1 -(2-hydroxy-ethoxy)-fluorenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(9-(1-(2-hydroxy-ethoxy)-fluorenyl))(1 -indenyl) zirconium dichloride; 
isopropylidene(9-(1-(2-hydroxy-ethoxy)-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
isopropylidenebis(9-(1 -(2-hydroxy-ethyl-(dimethyt)silyl-fluorenyl)) zirconium dichloride; 
isopropylidene(9-(1-(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl))(9-fluorenyl) zirconium dichloride; 
isopropylidene(9-(1 -(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl))(1 -{2-methyl-indenyl)) zirconium dichloride; 
isopropylidene(9-(1 -2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl))(1 -indenyl) zirconium dichloride; 
isopropylidene(9-(1-2-hydroxy-ethyl-(dimethyl)silyl-f!uorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidenebis(9-(1 -(2-hydroxyethyl-fluorenyl)) zirconium dichloride; 
ethylidene(9-(1 -(2-hydroxyethyl-fluorenyl))(9-fluorenyl) zirconium dichloride; 
ethylidene(9-(1 -(2-hydroxyethyl-fluorenyl)) (1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(9-(1 -(2-hydroxyethyl-fluorenyl)) (1 -indenyl) zirconium dichloride; 
ethylidene(9-(1 -(2-hydroxyethyl-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidenebis(9-(1 -(3-hydroxyropyl-fluorenyl)) zirconium dichloride; 
ethylidene(9-(1 -(3-hydroxyropyl-fluorenyl))(9-fluorenyl) zirconium dichloride; 
ethylidene(9-(1 -(3-hydroxyropyl-fluorenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(9-(1 -(3-hydroxyropyl-fiuorenyl))(1 -indenyl) zirconium dichloride; 
ethylidene(9-(1 -(3-hydroxyropyl-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidenebis(9-(1 -(2-hydroxy-ethoxy-fluorenyl)) zirconium dichloride; 
ethylidene(9-(1 -(2-hydroxy-ethoxy-fluorenyl))(9-fluorenyl) zirconium dichloride; 
ethylidene(9-(1 -(2-hydroxy-ethoxy-fluorenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(9-(1 -(2-hydroxy-ethoxy-fluorenyl))(1 -indenyl) zirconium dichloride; 
ethylidene(9-(1 -(2-hydroxy-ethoxy-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
ethylidenebis(9-(1 -(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl)) zirconium dichloride; 
ethylidene(9-(1-(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl))(9-fluorenyl) zirconium dichloride; 
ethylidene(9-(1-(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl))(1 -(2-methyl-indenyl)) zirconium dichloride; 
ethylidene(9-(1 -(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl))(1 -indenyl) zirconium dichloride; 
ethylidene(9-(1-(2-hydroxy-ethyl-(dimethyl)silyl-fluorenyl))(9-(2-methyl-fluorenyl)) zirconium dichloride; 
2-hydroxyethyl(methyI)silandiylbis(cyclopentadienyl) zirconium dichloride; 
2-hydroxyethyl{methyl)silandiylbis(9-fluorenyl) zirconium dichloride; 
2-hydroxyethyl(methyl)silandiyl(cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
2-hydroxyethyl(methyl)silandiyl(cyclopentadienyl)(1 -(2-methyl-indenyl)) zirconium dichloride; 
2-hydroxyethyl(methyl)silandiyl(cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
2-hydroxyethyl(methyl)silndiyl(cyclopentadienyi)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
2-hydroxyethyl(methyl)silandiylbis(1 -indenyl) zirconium dichloride; 

2-hydroxyethyl(methyl)silandiyl(cyclopentadienyl)(1-(2-methylbenzoindenyl)) zirconium dichloride; 

2- hydroxyethyl(methyl)silandiylbis(1 -(2-methylbenzoindenyl)) zirconium dichloride; 

3- hydroxyropyl(methyl)silandiylbis(cyclopentadienyl) zirconium dichloride; 
3-hydroxyropyl(methyl)silandiylbis(9-fluorenyl) zirconium dichloride; 
3-hydroxyropyl(methyl)silandiyl(cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
3-hydroxyropyl(methyl)silandiyl(cyclopentadienyl)(1 -(2-methyl-indenyl)) zirconium dichloride; 
3-hydroxyropyl(methyl)silandiyl(cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
3-hydroxyropyl(methyI)silandiyl(cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
3-hydroxyropyl(methyl)silandiylbis(1 -indenyl) zirconium dichloride; 

3-hydroxyropyl(methyl)silandiyl(cyclopentadienyl)(1 -(2-methylbenzoindenyl)) zirconium dichloride; 
2-hydroxy-ethoxy(methyl)silandiylbis(cyclopentadienyl) zirconium dichloride; 
2-hydroxy-ethoxy(methyl)silandiyl(cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
2-hydroxy-ethoxy(methyl)silandiyl(cyclopentadienyl)(1 -(2-methyl-indenyl)) zirconium dichloride; 
2-hydroxy-ethoxy(methyl)silandiyl(cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
2-hydroxy-ethoxy(methyl)silandiyl(cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
2-hydroxy-ethyl-(dimethyl)silyl-(methyl)silandiylbis(cyclopentadienyl) zirconium dichloride; 
2-hydroxy-ethyl-(dimethyl)silyl-(methyl)silandiyl(cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
2-hydroxy-ethyl-(dimethyl)silyl-(methyl)silandiyl(cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
2-hydroxy-ethyl-(dimethyl)silyl-(methyl)silandiyl(cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
2-hydroxy-ethyl-(dimethyl)silyl-(methyl)silandiyl(cyclopentadienyl)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
2-hydroxy-ethoxy-(methyl)methylidenebis(cyclopentadienyl) zirconium dichloride; 
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2-hydroxy-ethoxy-(methyl)methylidene(cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
2-hydroxy-ethoxy-(methyl)methylidene(cyclopentadienyl)(1-(2-methyl-indenyl)) zirconium dichloride; 
2-hydroxy-ethoxy-(melhyl)methylidene(cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
2-hydroxy-ethoxy-(melhyl)methylidene(cyclopentadienyl)(9-(2-methyl-fluoreny!)) zirconium dichloride; 
2-hydroxy-ethyl-(dimethyl)silyl-(methyl)methylidenebis(cyclopentadienyl) zirconium dichloride; 
2-hydroxy-ethyl-(dimethyl)silyl-(methyl)methylidene(cyclopentadienyl)(1 -indenyl) zirconium dichloride; 
2-hydroxy-ethyl-(dimethyt)silyl-(methyl)methylidene(cyclopentadienyl)(1-(2-methylindenyl)) zirconium dichloride; 
2-hydroxy-ethyl-{dimethyl)silyl-(methyl)methylidene(cyclopentadienyl)(9-fluorenyl) zirconium dichloride; 
2-hydroxy-ethyl-(dimethyl)silyl-(methyl)methylidene(cyclopentadienyl)(9-(2-methylfluorenyl)) zirconium dichlo- 
ride; 

2-hydroxy-ethyl-(dimethyl)silyl-(methyl)methylidenebis(1 -indenyl) zirconium dichloride; 

1 -(2-hydroxyethyl)-ethylidenebis(cyclopentadienyl) zirconium dichloride; 

1 -(2-hydroxyethyl)-ethylidene-1 -(cyclopentadienyl)-2-(1 -indenyl) zirconium dichloride; 

1-(2-hydroxyethyl)-ethylidene-1-(cyclopentadienyl)-2-(1-(2-methyl-indenyl)) zirconium dichloride; 

1 -(2-hydroxyethyl)-ethylidene-1 -(cyclopentadienyl)-2-(9-fluorenyl) zirconium dichloride; 

1 -(2-hydroxyethyl)-ethylidene-1 -(cyclopentadienyl)-2-(9-(2-methyl-fluorenyl)) zirconium dichloride; 

1-(2-hydroxyethyl)-ethylidenebis(l -indenyl) zirconium dichloride; 

1 -(3-hydroxypropyl)-ethylidenebis(cyclopentadienyl) zirconium dichloride; 

1-(3-hydroxypropyl)-ethylidene-1-(cyclopentadienyl)-2-(1 -indenyl) zirconium dichloride; 

1 -(3-hydroxypropyl)-ethylidene-1 -(cyclopentadienyl)-2-(1 -(2-methyl-indenyl)) zirconium dichloride; 

1 -(3-hydroxypropyl)-ethylidene-1 -(cyclopentadienyl)-2-(9-fluorenyl) zirconium dichloride; 

1-(3-hydroxypropyl)-ethylidene-1-(cyclopentadienyl)-2-(9-(2-methyl-fluorenyl)) zirconium dichloride; 

1-(3-hydroxypropyl)-ethy!idenebis(1 -indenyl) zirconium dichloride; 

1 -(2-hydroxyethoxy)-ethylidenebis(cyclopentadienyl) zirconium dichloride; 

1-(2-hydroxyethoxy)-ethylidene-1-(cyclopentadienyl)-2-(1 -indenyl) zirconium dichloride; 

1-(2-hydroxyethoxy)-ethylidene-1-(cyclopentadienyl)-2-(1 -(2-methyl-indenyl)) zirconium dichloride; 

1-(2-hydroxyethoxy)-ethylidene-1 -(cyclopentadienyl)-2-(9-fluorenyl) zirconium dichloride; 

1-(2-hydroxyethoxy)-ethylidene-1-(cyclopentadienyl)-2-(9-(2-methyl-fluorenyl)) zirconium dichloride; 

1-(2-hydroxyethyl)-(dimethyl)silyl ethylidenebis(cyclopentadienyl) zirconium dichloride; 

1 -(2-hydroxyethyl)-(dimethyl)silyl ethylidene-1 -(cyclopentadienyl)-2-(1 -indenyl) zirconium dichloride; 

1 -(2-hydroxyethyl)-(dimethyl)silyl ethylidene-1 -(cyclopentadienyl)-2-(1 -(2-methyl-indenyl)) zirconium dichloride 

1 -(2-hydroxyethyl)-(dimethyl)silyl ethylidene-1 -(cyclopentadienyl)-2-(9-fluorenyl) zirconium dichloride; 

1 -(2-hydroxyethyl)-(dimethyl)silyl ethylidene-1 -(cyclopentadienyl)-2-(9-(2-methylfluorenyl)) zirconium dichloride; 

(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(cylopentadienyl) titanium dichloride; 

(2-hydroxyethyl)(methyl)silandiyl-(tertbutyiamido)(tetramethylcylopentadienyl) titanium dichloride; 

(2-hydroxyethyl)(methyl)silandiyl-(tertbutytamido)(1-indenyl)titanium dichloride; 

(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(1 -(2-methyl-indenyl)) titanium dichloride; 

(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) titanium dichloride; 

(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(9-(2-methyl-fluorenyl)) titanium dichloride; 

(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(1-(2-metthylbenzoindenyl) titanium dichloride; 

(dimethyl)silandiyl-(tertbutylamido)(3-((2-hydroxyethyl)cylopentadienyl) titanium dichloride; 

(dimethyl)silandiyl-(tertbutylamido)(1 -(3-(2-hydroxyethyl)indenyl) titanium dichloride; 

(dimethyl)silandiyl-(2-(2-hydroxyethyl)amido)(cylopentadienyl) titanium dichloride; 

(dimethyl)silandiyl-(2-(2-hydroxyethyl)amido)(tetramethylcylopentadienyl) titanium dichloride; 

(dimethyl)silandiyl-(2-(2-hydroxyethyl)amido)(1 -indenyl) titanium dichloride; 

(dimethyl)silandiyl-(2-(2-hydroxyethyl)amido)(9-fluorenyl) titanium dichloride; (dimethyl)silandiyl-(2-(2-hydroxye- 
thyl)amido)(1-(2-methylbenzoindenyl) titanium dichloride; 

(3-hydroxypropyl)(methyl)silandiyl(tertbutylamido)-(cylopentadienyl) titanium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(tetramethylcyclopentadienyl) titanium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(1 -indenyl) titanium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(1 -(2-methyl-indenyl)) titanium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) titanium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(9-(2-methyl-fluorenyl)) titanium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl(tertbutylamido)-(1-(2-methylbenzoindenyl) titanium dichloride; 
(dimethyl)silandiyl-(tertbutylamido)(3-((3-hydroxypropyl)cylopentadienyl) titanium dichloride; 
(dimethyl)silandiyl-(tertbutylamido)(1 -(3-(3-hydroxypropyl)indenyl) titanium dichloride; 
(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(cylopentadienyl) titanium dichloride; 
(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(tetramethylcylopentadienyl) titanium dichloride; 
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(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(1 -indenyl) titanium dichloride; 
(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(9-fluorenyl) titanium dichloride; 
(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(1 -(2-methylbenzoindenyl) titanium dichloride; 
2-hydroxyethy I -methoxy (methyl)silandiyl-(tertbutylamido)(cylopentadienyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamido)(tetramethylcydopentadienyl) titanium dichloride; 
2-hydroxyethyl-methoxy(melhyl)silandiyl-(tertbutylamido)(1 -indenyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamido)(1-(2-methyl-indenyl)) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamido)(9-(2-methyl-fluorenyl)) titanium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(cylopentadienyl) titanium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(tetramethylcyclopentadienyl) titanium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(1 -indenyl) titanium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)( 1 -(2-methyl-indenyl)) titanium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) titanium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(9-(2-methyl-fluorenyl)) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)silandiyl(tertbutytamido)-(cylopentadienyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl(tertbutyIamido)(tetramethylcyclopentadienyl) titanium dichlo- 
ride; 

(2-hydroxyethyl)-(dimethyl)silyl-(methyl)silandiyl-(tertbutylamido)(1 -indenyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)silandiyl-(tertbutylamido)(1 -(2-methyl-indenyl)) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)silandiyl-(tertbutylamido)(9-(2-methyl-fluorenyl)) titanium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(cylopentadienyl) titanium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(tetramethylcyclopentadienyl) titanium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(1-indenyl)titanium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(1 -(2-methyl-indenyl)) titanium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(9-fluorenyl) titanium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(9-(2-methyt-fluorenyl)) titanium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(cylopentadienyl) titanium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(tetramethylcyclopentadienyl) titanium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(indenyl) titanium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(2-methyl-indenyl) titanium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(9-fluorenyl) titanium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(2-methyl-fluorenyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylene(tertbutylamido)(cylopentadienyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylene(tertbutylamido)(tetramethylcyclopentadienyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylen(tertbutylamido)(1-indenyl)titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylen(-tertbutylamido)(1 -(2-methyl-indenyl)) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylen(-terlbutylamido)(9-fluorenyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylen(-tertbutylamido)(9-(2-methyl-fluorenyl)) titanium dichloride; 
(2-hydroxyethoxy)-(methyl)methylene(tertbutylamido)(cylopentadienyl) titanium dichloride; 
(2-hydroxyethoxy)-(methyl)methylene(tertbutylamido)(tetramethylcyclopentadienyl) titanium dichloride; 
(2-hydroxyethoxy)-(methyl)methylen(tertbutylamido)(1-indenyl)titanium dichloride; 
(2-hydroxyethoxy)-(methyl)methylen(tertbutylamido)(1 -(2-methyl-indenyl)) titanium dichloride; 
(2-hydroxyethoxy)-(methyl)methylen(tertbutylamido)(9-fluorenyl) titanium dichloride; 
(2-hydroxyethoxy)-(methyl)methylen(tertbutylamido)(9-(2-methyl-fluorenyl)) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)methylene(tertbutylamido)(cylopentadienyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl (methyl) methylene (tertbutylamido) (tetramethylcyclopentadienyt) titanium dichlo- 
ride; 

(2-hydroxyethyl)-(dimethyl)silyl-(methyl)methilene(tertbutylamido)(1 -indenyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)methilene(tertbutylamido)(1 -(2-methyl-indenyl)) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)methilene(tertbutylamido)(9-fluorenyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)methilene(tertbutylamido)(9-(2-methyl-fluorenyl)) titanium dichloride; 
(2-hydroxyethy I) (methyl) silandiyl-oxo(cylopentadienyl) titanium dichloride; 
(2-hydroxyethyl) (methyl) silandiyl-oxo-(tetramethylcyclopentadienyl) titanium dichloride; 
(2-hydroxyethy I) (methyl) silandiyl-oxo(1 -indenyl) titanium dichloride; 
(2-hydroxyethy I) (methyl) silandiyl-oxo(1 -(2-methyl-indenyl)) titanium dichloride; 
(2-hydroxyethy I) (methyl) silandiyl-oxo(9-fluorenyl) titanium dichloride; 
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(2-hydroxyethy I) (methyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) titanium dichloride; 
(3-hydroxypropy I) (methyl) silandiyl-oxo(cylopentadienyl) titanium dichloride; 
(3-hydroxypropy I) (methyl) silandiyl-oxo(tetramethylcyclopentadienyl) titanium dichloride; 
(3-hydroxypropy I) (methyl) silandiyl-oxo(1 -indenyl) titanium dichloride; 
(3-hydroxypropy I) (methyl) silandiyl-oxo(1 -(2-methyl-indenyl)) titanium dichloride; 
(3-hydroxypropyl)(methyl) silandiyl-oxo(9-fluorenyl) titanium dichloride; 
(3-hydroxypropyl)(methyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) titanium dichloride; 
2-hydroxyethy I -methoxy (methyl) silandiyl- oxo(cylopentadienyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(tetramethylcyclopentadienyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(1 -indenyl) titanium dichloride; 
2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(1 -(2-methyl-indenyl)) titanium dichloride; 
2-hydroxyethy I -methoxy(m ethyl) silandiyl-oxo(9-fluorenyl) titanium dichloride; 
2-hydroxyethy I -methoxy (methyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) titanium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(cylopentadienyl) titanium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(tetramethylcyclopentadienyl) titanium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(1 -indenyl) titanium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(1 -(2-methyl-indenyl)) titanium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(9-fluorenyl) titanium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo(cylopentadienyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo(tetramethylcyclopentadienyl) titanium dichloride; 
(2-hydroxyethy1)-(dimethyl)silyl-(methyl) silandiyl-oxo(1 -indenyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo( 1 -(2-methyl-indenyl)) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo(fluorenyl) titanium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo(9-methylfluorenyl) titanium dichloride 
(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(tetramethylcylopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(1-indenyl)zirconium dichloride; 
(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(1 -(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
(2-hydroxyethyl)(methyl)silandiyl-(tertbuty!amido)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(2-hydroxyethyl)(methyl)silandiyl-(tertbutylamido)(1-(2-metthylbenzoindenyl) zirconium dichloride; 
(dimethyl)silandiyl-(tertbutylamido)(3-((2-hydroxyethyl)cylopentadienyl) zirconium dichloride; 
(dimethyl)silandiyl-(tertbutylamido)(1 -(3-(2-hydroxyethyl)indenyl) zirconium dichloride; 
(dimethyl)silandiyl-(2-(2-hydroxyethyl)amido)(cylopentadienyl) zirconium dichloride; 
(dimethyl)silandiyl-(2-(2-hydroxyethyl)amido)(tetramethylcylopentadienyl) zirconium dichloride; 
(dimethyl)silandiyl-(2-(2-hydroxyethyi)amido)(1 -indenyl) zirconium dichloride; 
(dimethyl)silandiyl-(2-(2-hydroxyethyl)amido)(9-fluorenyl) zirconium dichloride; 
(dimethyl)silandiyl-(2-(2-hydroxyethyl)amido)(1 -(2-methylbenzoindenyl) zirconium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl(tertbutylamido)-(cylopentadienyl) zirconium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(tetramethylcyclopentadienyl) zirconium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(1-indenyl)zirconium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(1 -(2-methyl-indenyl)) zirconium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl-(tertbutylamido)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(3-hydroxypropyl)(methyl)silandiyl(tertbutylamido)-(1 -(2-methylbenzoindenyl) zirconium dichloride; 
(dimethyl)silandiyl-(tertbutylamido)(3-((3-hydroxypropyl)cylopentadienyl) zirconium dichloride; 
(dimethyl)silandiyl-(tertbutylamido)(1 -(3-(3-hydroxypropyl)indenyl) zirconium dichloride; 
(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(cyiopentadienyl) zirconium dichloride; 
(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(tetramethylcylopentadienyl) zirconium dichloride; 
(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(1 -indenyl) zirconium dichloride; 
(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(9-fluorenyl) zirconium dichloride; 
(dimethyl)silandiyl-(3-(3-hydroxypropyl)amido)(1 -(2-methylbenzoindenyl) zirconium dichloride; 
2-hydroxyethyl-methoxy (methyl)silandiyl-(tertbutylamido)(cylopentadienyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamido)(tetramethylcyclopentadienyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamido)(1 -indenyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamido)(1-(2-methyl-indenyl)) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
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2-hydroxyethyl-methoxy(methyl)silandiyl-(tertbutylamido)(9-(2-methyl-f)uoreny zirconium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(tetramethylcyclopentadienyl) zirconium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(1-indenyl)zirconium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(terlbutylamido)(1-(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
(2-hydroxyethoxy)(methyl)silandiyl-(tertbutylamido)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)silandiyl(tertbutylamido)-(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl(tertbutylamido)(tetramethylcyclopentadienyl) zirconium dichlo- 
ride; 

(2-hydroxyethyl)-(dimethyl)silyl-(methyl)silandiyl-(tertbutylamido)(1-indenyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)silandiy!-(tertbutylamido)(1-(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethyl)-(dimelhyl)silyl-(methyl)silandiyl-(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl)silandiyl-(tertbutylamido)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(tetramethylcyclopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(terlbutylamido)(1-indenyl)zirconium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)( 1 -(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
(2-hydroxyethyl)-(methyl)methylene(tertbutylamido)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(cylopentadienyl) zirconium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(tetramethylcyclopentadienyl) zirconium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(indenyl) zirconium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(terlbutylamido)(2-methyl-indenyl) zirconium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
(3-hydroxypropyl)-(methyl)methylene(tertbutylamido)(2-methyl-fluorenyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylene(tertbutylamido)(cylopentadienyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylene(tertbutylamido)(tetramethylcyclopentadienyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylen(tertbutylamido)(1-indenyl)zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylen(-tertbutylamido)(1 -(2-methyl-indenyl)) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylen(-tertbutylamido)(9-fluorenyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl)methylen(-tertbutylamido)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(2-hydroxyethoxy)-(methyl)methylene(tertbutylamido)(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethoxy)-(methyl)methylene(tertbutylamido)(tetramethylcyclopentadienyl) zirconium dichloride; 
(2-hydroxyethoxy)-(methyl)methylen(tertbutylamido)(1-indenyl) zirconium dichloride; 
(2-hydroxyethoxy)-(methyl)methylen(tertbutylamido)(1 -(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethoxy)-(methyl)methylen(tertbutylamido)(9-fluorenyl) zirconium dichloride; 
(2-hydroxyethoxy)-(methyl)methylen(tertbutylamido)(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyI)silyl-(methyl)methylene(tertbutylamido)(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl (methyl) methylene (tertbutylamido) (tetramethylcyclopentadienyl) zirconium 
dichloride; 

(2-hydroxyethyl)-(dimethyl)silyl-(methyl)methilene(tertbutylamido)(1-indenyl) zirconium dichloride; 

(2-hydroxyethyl)-(dimethyl)silyl-(methyl)methilene(tertbutylamido)(1-(2-methyl-indenyl)) zirconium dichloride; 

(2-hydroxyethyl)-(dimethyl)silyl-(methyl)methilene(tertbutylamido)(9-fluorenyl) zirconium dichloride; 

(2-hydroxyethyl)-(dimethyl)silyl-(methyl)methilene(tertbutylamido)(9-(2-methyl-fluorenyl)) zirconium dichloride; 

(2-hydroxyethy I) (methyl) silandiyl-oxo(cylopentadienyl) zirconium dichloride; 

(2-hydroxyethy I) (methyl) silandiyl-oxo-(tetramethylcyclopentadienyl) zirconium dichloride; 

(2-hydroxyethyl) (methyl) silandiyl-oxo(l-indenyl) zirconium dichloride; 

(2-hydroxyethy I) (methyl) silandiyl-oxo(1 -(2-methyl-indenyl)) zirconium dichloride; 

(2-hydroxyethyl) (methyl) silandiyl-oxo(9-fluorenyl) zirconium dichloride; 

(2-hydroxyethyl) (methyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) zirconium dichloride; 

(3-hydroxypropy I) (methyl) silandiyl-oxo(cylopentadienyl) zirconium dichloride; 

(3-hydroxypropyl) (methyl) silandiyl-oxo(tetramethylcyclopentadienyl) zirconium dichloride; 

(3-hydroxypropyl) (methyl) silandiyl-oxo(l-indenyl) zirconium dichloride; 

(3-hydroxypropyl)(methyl) silandiyl-oxo(1 -(2-methyl-indenyl)) zirconium dichloride; 

(3-hydroxypropyl)(methyl) silandiyl-oxo(9-fluorenyl) zirconium dichloride; 

(3-hydroxypropyl)(methyl) silandiyl-oxo(9-(2-methyI-fluorenyl)) zirconium dichloride; 

2-hydroxyethy l-methoxy (methyl) silandiyl- oxo(cylopentadienyl) zirconium dichloride; 
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2-hydroxyethyl-methoxy(m ethyl) silandiyl-oxo(tetramethylcyclopentadienyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(l-indenyl) zirconium dichloride; 
2-hydroxyethyl-methoxy(methyl) silandiyl-oxo(1-(2-methyl-indenyl)) zirconium dichloride; 
2-hydroxyethyl-methoxy (methyl) silandiyl-oxo(9-fluorenyf) zirconium dichloride; 
2-hydroxyethyl-methoxy (methyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(2-hydroxyethoxy) (methyl) silandiyl-oxo(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(tetramethylcyclopentadienyl) zirconium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(l-indenyl) zirconium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(1-(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(9-fluorenyl) zirconium dichloride; 
(2-hydroxyethoxy)(methyl) silandiyl-oxo(9-(2-methyl-fluorenyl)) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) siiandiyl-oxo(cylopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo(tetramethylcyclopentadienyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) siiandiyl-oxo(l-indenyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo(1 -(2-methyl-indenyl)) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo(fluorenyl) zirconium dichloride; 
(2-hydroxyethyl)-(dimethyl)silyl-(methyl) silandiyl-oxo(9-methylfluorenyl) zirconium dichloride 
ethylidene(1 -(3-(3-hydroxypropyl)-indenyl))(cyclopentadienyl) zirconium dichloride; 
ethylidene(1 -(3-(2-hydroxyethyl)-indenyl))(cyclopentadienyl) zirconium dichloride; 
dimethylsilandiyl(1 -(3-(2-hydroxyethyl)-indenyl))(cyclopentadienyl) zirconium dichloride; 
dimethylsilandiyl(1"(3-(3-hydroxypropyl)-indenyl)) (cyclopentadienil) zirconium dichloride; 
isopropylidene(1 -(3-(2-hydroxyethyl)-indenyl))(cyclopentadienyl) zirconium dichloride; 
isopropylidene(1 -(3-(3-hydroxypropyl)-indenyl(cyclopentadienyl) zirconium dichloride; 

[0018] The metallocene complexes belonging to the general formula I can be prepared through reaction ol a com- 
pound of general formula [(LR k . f (R ! OJ) ( )]M\ wherein M' is an alkali metal, preferably Li, Na or K and J is a protective 
group that masks the OH group, with a transition metal compound of general formula (LR k ) z MX n (E) q , wherein E is a 
linear or cyclic ether, q is a number ranging from 0 to 4 and n is an integer number ranging from 2 to 4 and L, R, k, z 
and X have been already defined. 

[0019] The metallocene complexes belonging to the general formulas II and III can be prepared through reaction of 
a transition metal compound of general formula MX n (E) q , wherein E is a linear or cyclic ether, q is a number between 
0 and 4 and n is 3 or 4, with another compound of general formula 



(JOR J 




(JOR 1 ^ 



M'L' 

L(R'OJ ) b (R) k b ( ^ V0J) g 



or 



wherein M' is an alkali metal, preferably Li. Na or K and J is a protective group that masks the OH group, for 
example it is a SiR" 3 or another protective group known in the art. Preferred transition metal compounds of formula 
MX n (E) are TiCI 4 , ZrCI 4 HfCI 4 , TiCI 3 , TiCI 3 * 2THR 

[0020] The reaction between the transition metal compound and the alkali metal derivative is preferably realized in 
a dry nitrogen atmosphere, by using anhydrous solvents such as linear or cyclic ethers (for example diethylether, 
tetrahydrof urane or dioxane), or aromatic hydrocarbons such as toluene. 

[0021] The group O-J is then cleaved by a fit reaction. For example, when the protective group J is SiR n 3 , the de- 
protection reaction can be an hydrolysis reaction carried out in acidic medium; preferably the hydrolysis reaction is 
made with silica. 

[0022] Metallocenes containing a 0-SiR" 3 group can be prepared according to the method disclosed in EP 
97500068.6. 

[0023] The compounds of formula I, II or III can be supported on a proper support. Any type of inorganic porous 
support can be used, for example inorganic oxides, such as: silica, alumina, silica alumina, aluminium phosphates and 
mixtures thereof. In a preferred embodiment the inorganic porous support has an alumoxane present onto its surface. 



19 



EP 0 953 580 A1 

[0024] The alumoxane can be introduced onto the support by any method known in the art. For example the alu- 
moxane can be deposited onto the surface of the inorganic support by dissolving the alumoxane into a suitable solvent 
and adding the inorganic support into the solution, or it can be deposited onto the surface of the porous support by 
precipitation of the alumoxane in the presence of the support. 
s [0025] It is also possible to prepare the alumoxane directly on the surface of the porous support by reacting an 
aluminum alkyl with the hydration water present onto the support surface. 

[0026] A method that can be fit for preparing supported catalysts according to this invention consists in the impreg- 
nation, under anhydrous conditions and inert atmosphere, of the solution of any metallocene of formula I, It or III, or a 
mixture thereof, on the supporting material at a proper temperature, preferably between -20° C and 90 °C. The sup- 
io ported catalyst that contains the metallocene can be obtained through filtration and washing with a proper solvent, 
preferably an aliphatic or aromatic hydrocarbon without polar groups. 

[0027] Another method that can properly be used consists in depositing the metallocene on the support by using a 
solution of the compound that has to be heterogenised, eliminating the solvent through evaporation and then warming 
the solid residue at a temperature between 25 and 150° C. Besides, the resulting residue, obtained by this process, 
15 can be subjected to washing and subsequent filtration. 

[0028] Another method that can be fit for preparing supported catalysts according to this invention consists in reacting 
a metallocene compound of formula I, II or 111 with aluminoxane or trialkylaluminum in a non polar solvent at a temper- 
ature between -20 and 150° C. 

[0029] A clear advantage of this method is that it is possible to obtain catalyst system wherein the metallocene is 

20 homogeneously distributed in the solid. 

[0030] An advantageous aspect of this invention is that the fixation method, as a consequence of the reaction of 
groups OH with reactive groups of the support surface, prevents the desorption of the supported metallocene com- 
plexes. This type of interaction represents the main difference between the organo-complexes heterogeneisation mech- 
anism and other conventional methods, where the metallocene complex generally remains physisorbed on the support 

25 surface. 

[0031] Supported metallocene complexes of formula I , II, III can be used in the presence of a cocatalyst for olefins 
polymerization or copolymerization, either in solution or suspension process. 

[0032] When X is an halogen, OR n or N(R n ) 2 the preferred cocatalysts are alkylaluminoxane, especially methylalu- 
minoxane compounds, and trilakylaluminum, when X is hydrogen or alkyl the preferred cocatalysts is a Lewis acid 
30 such as boron derivatives for example B(C 6 F 5 ) 3 . In addition mixtures of both aluminoxane and boron derivatives or 
alkylaluminium and boron derivatives can be used as cocatalysts. 

[0033] When the support contains an aluminoxane on its surface, it is possible to use the supported metallocene 
according to the invention without adding a cocatalyst. However the addition of a small amount of trialkylaluminium 
helps obtaining higher yields. This fact constitutes a further clear advantage in view of most polymerization processes 
35 which require large amounts of aluminoxane. 

[0034] The most proper polymerization procedure can change according to the chosen type of polymerization process 
(suspension, gas phase, solution or in bulk). 

[0035] For the polymerization in suspension, the cocatalyst can previously be mixed with the supported solid catalyst, 
can be added to the polymerization medium before the supported catalyst, or both operations can be sequentially 
40 realized. 

[0036] The process consists in putting in contact the monomer, or, in certain cases, the monomer and the comonomer, 
with a catalytic composition according to the present invention, that includes at least one supported metallocene com- 
plex of formula I, II or Ml, at a proper temperature and pressure. 

[0037] Suitable olefins that can be used as comonomers to obtain ethylene copolymers are X -olefins such as pro- 
45 pylene, butene, hexene, octene, 4-methyl-1 -pentene and cyclic olefins and can be used in proportions from 0. 1 to 70% 

by weight of the total of the monomers. In the case of homopolymerization of ethylene, the density of polymers ranges 

between 0.950 and 0.970 g/cm 3 ; in the case of copolymerization of ethylene, the density is as low as 0.900 g/cm 3 . 

[0038] To control the molecular weight of the obtained polymers, hydrogen can optionally be used as chain transfer 

agent in such proportions that the hydrogen partial pressure, with respect to the olefin one, be from 0.01 to 50%. 
so [0039] In the particular case of the polymerization technique known as suspension process or controlled particle 

morphology process, the used temperature will be between 30° and 100 °C, the same which is typically used in gas 

phase. 

[0040] The used pressure changes according to the polymerization technique; it ranges from atmospheric pressure 
to 350 MPa. 

55 [0041] The following examples are described in order to better understand the invention. The materials, the chemical 
compounds and the conditions used in these examples are illustrative and do not limit the scope of the invention. 
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EXAMPLES 

Example 1. Synthesis of (cvclopentadienv0((2-hvdroxv-ethvl)-cvclopentadienyl) zirconium dichloride 
5 a) Preparation of 1 -trimethylsiloxy 2-bromo-ethane 

[0042] To 125 g (888 mmol) of 2-bromo-ethanol, 95 ml (1 450 mmol) of hexamethyldisilazane are slowly added at 0° 
C. Ammonia evolution is immediately observed. The reaction is maintained under stirring for 1 2 hours and a colorless 
oil is obtained. (168.8 g, 856 mmol. Yield:96%) 1 H-NMR (CDCI3): 3.66 (t,2H), 3.40 (t,2H), 0.14 (s,9H). 

10 

b) Preparation of (2-trimethylsiloxy-ethyl)-cyclopentadiene 

[0043] 150 ml of a 2.3 M sodium cyclopentadienylide solution in tetrahydrofurane (346 mmol) is slowly added to a 
solution of 68.2 g (346 mmol) 2-trimethylsiloxy-1 -bromo-ethane in tetrahydrofurane. The immediate formation of a 
15 pinkish solid is observed. The reaction is maintained under stirring tor 1 2 hours. Then, an ammonium chloride aqueous 
solution is added. The organic phase is extracted, dried with magnesium sulphate and the volatile part is distilled under 
vacuum, obtaining an orange oil. This oil is distilled in order to obtain a colorless oil. (Tb.: 63-65° C, 0.02 bar). (40.3 
g, 221 mmol. Yield:64%). 1 H-NMR (CDCI3): 6.50-6.00 (m,3H), 3.75 (m,2H), 2.95 (m,2H), 2.65 (m,2H), 0.15 (s,9H). 

20 C ) Preparation of potassium (2-trimethylsiloxy-ethyl)-cyclopentadienylide 

[0044] To a suspension of 0.5 g (12.4 mmol) of potassium hydride in tetrahydrofurane, 2.25 g (12.4 mmol) of (2-tri- 
methylsiloxy-ethyl)-cyclopentadiene in tetrahydrofurane is added. The reaction is maintained under stirring for 2 hours 
and then the volatile compounds are eliminated, leaving an oily solid which is washed with hexane in order to obtain 
25 a brown solid. (2.2 g Yield: 81%) 

d) Preparation of (cyclopentadienyl) ((2-trimethylsiloxy-ethyl)-cyclopentadienyl) zirconium dichloride 

[0045] To a suspension of 3.52 g (10 mmol) of an adduct of cyclopentadienyl zirconium trichloride with dimethox- 
30 yethane in toluene, a suspension of 2.2 g (10 mmol) of potassium (2-trimethylsiloxy-ethyl)-cyclopentadienylide in tol- 
uene is added. The addition is realized at -78° C. An orange-brown suspension is immediately formed; it is maintained 
under stirring for 12 hours; then it is left settling and it is filtered. The obtained orange solution is concentrated up to 5 
ml and hexane is added, so that a brown solid is obtained. (1.1 g, 2.7 mmol. Yield: 27%). 1 H-NMR: 6.00 (t,2H), 5.87 
(s,5H), 5.67 (t,2H), 3.66 (t,2H), 2.92 (t,2H), 0.11 (s,9H). Mass spectrum. M+-65: (343): 33%. 

35 

e) Preparation of (cyclopentadienyl)((2-hydroxy-ethyl)-cyclopentadienyl) zirconium dichloride 

[0046] 2.16 g (5.69 mmol) of the organocomplex (cyclopentadienyl)(trimethylsiloxyethylcyclopentadienyl) zirconium 
dichloride was added to a suspension of 2.9 g of Silica XPO 2407 in 75 ml of dry toluene at room temperature. 
40 it was necessary only to add the solid sample and it dissolved and the suspension immediately acquired a greenish- 
yellow color. The sample was maintained under continuous stirring at room temperature for 48 hours. 
The yellow solution was separated from the solid by filtration. The solution was brought to dryness and, after washing 
with three fractions of 15 ml of hexane, a dusty white solid was obtained. (0.57 g Yield: 30%) 1 H-NMR (CI 3 CD): 1.65 
(m,1H), 2.95 (t,2H), 4.05 (m,2H), 6.32 (m,2H), 6.35 (m,2H), 6.5 (s,5H). 

45 

Example 2. Synthesis of (cyclopentadienyDfO-hydroxy-propyn-cvclopentadienyn zirconium dichloride 

a) Preparation of 1 - trimethylsiloxy-3-bromo-propane 

so [0047] To 12.2 g (76 mmol) of hexamethyldisilazane, 21 g (151 mmol) of 3-bromo-1-propanol is added. Ammonia 
evolution is immediately observed. The reaction is maintained under stirring for 2 hours and 24.5 g (148 mmol) of the 
desired compound is finally obtained/Yield: 98%. ^-NMR (CDCI3): 3.74 (t,2H), 3.55 (t,2H), 2.09 (m,2H), 0.14 (s,9H). 

b) Preparation of (3-trimethylsiloxy-propyl)-cyc1opentadiene 

55 

[0048] To 50 ml of a 2.3 M solution of sodium cyclopentadienylide (115 mmol), a solution of 24.3 g (115 mmol) of 
3-trimethylsiloxy-1 -bromo-propane in tetrahydrofurane is added. 

[0049] The quick formation of a pinkish solid is observed. The reaction is maintained under stirring for 12 hours and 
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then it is neutralized with an ammonium chloride solution; the organic phase is extracted and concentrated to dryness 
in order to give an orange oil. (9.8 g, 50 mmol. Yield: 43%). 1 H-NMR (CDCI3): 6.47-6.00 (m,3H), 3.62 (m,2H), 2.95 (m, 
1H), 2.87 (m,1H), 2.43 (m,2H), 1.80 (m,2H), 0.17 (s,9H). 

5 c) Preparation of potassium (3-trimethylsiloxy-propyl)-cyclopentadienylide 

[0050] To a suspension of 0.4 g (10 mmol) of potassium hydride in tetrahydrofurane, 1.96 g (10 mmol) of a (3-tri- 
methylsiloxy-propyl)-cyclopentadiene in tetrahydrofurane is added. The reaction is maintained under stirring for 2 
hours. Subsequently, the resulting suspension is concentrated to dryness, leaving an oily solid that, when it is washed 
io with hexane, gives a cream-colored solid. (1 .6 g, 7 mmol. Yield:70%). 

d) Preparation of (cyclopentadienyl)((3-trimethylsiloxy)-propyl-cyclopentadienyl) zirconium dichloride 

[0051] To a suspension of 2.46 g (7 mmol) of cyclopentadienyl zirconium trichloride in toluene, a suspension of 1 .6 
is g (7 mmol) of potassium (3-trimethylsiloxy)-propyl-cyclopentadienylide in toluene is added. A yellow-brown-colored 
suspension immediately precipitates. The reaction is maintained for 12 hours. Subsequently, the solution is filtered 
and concentrated and a crystalline white solid is formed (0.8 g, 2 mmol, 28%). 1 H-NMR (C6D6): 5.87 (t,2H), 5.65 (t, 
2H), 3.46 (m,2H), 2.74 (m,2H), 1 .73 (m,2H), 0.14 (s,9H). 13 C-NMR (C6D6): 116.9, 115.0, 114.7, 112.2, 61 .8, 33.6, 26.8, 
-0.393. Mass spectrum: M + -65(356): 30%. 

20 

e) Preparation of (cyclopentadienyl)((3-hydroxy-propyl)-cyclopentadienyl) zirconium dichloride 

[0052] 0.5 g (1 .18 mmol) of (cyclopentadienyl)(trimethylsiloxypropyl-cyclopentadienyl) zirconium dichloride was add- 
ed to a suspension of 1 . 1 g of Silica XPO 2407 in 75 ml of dry toluene at room temperature. 

25 it was necessary only to add the solid sample and it dissolved and the suspension immediately acquired a greenish- 
yellow color. The sample was maintained under continuous magnetic stirring at room temperature for two days. Then 
it was filtered, separating the solution from the insoluble product. The resulting colorless solution was brought to dry- 
ness. In this way it was possible to isolate a dusty white solid product. (0.16 g Yield: 39%) 1 H-NMR (CI 3 CD): 1 .45 (m, 
1H), 1.87 (t,2H), 2.72 (t,2H), 3.80 (t,2H), 6.10 (m,2H), 6.28 (m,2H), 6.28 (m,2H), 6.45 (s,5H). Mass spectrum: M + - 

30 36.45: (31 2):55%. 

Example 3. Heterogenization of (cyclopentadienyDfO-hydroxv-propyD-cvclopentadienyl) zirconium dichloride on silica 
functional ized with MAO 

35 [0053] 5 g of silica Witco WMSPQ f unctionalized with MAO with 24% of Aluminium were weighed in a 250 ml Schlenk. 
The solid was suspended in 100 ml of dry toluene. 

[0054] 0.11 g.(0.31 mmol) of the zirconium compound were added to the above described suspension. The addition 
was realized at room temperature and the reaction mixture was maintained under continuous stirring. From the begin- 
ning of the reaction the solution acquired a yellow color and no changes were observed during the following two hours. 
40 [0055] At the end of the reaction the yellow suspension was transferred to a filtering plate and it was washed with 
about 500 ml of toluene at room temperature. The obtained dusty cream product was then dried under vacuum for 24 
hours. 

[0056] The aluminium and zirconium content in the sample determined by X rays fluorescence was: 0.49% of Zr and 
22.1% of At. 

45 

Example 4. Heterogenization of (cyclopentadienyDfO-hydroxv-ethyD-cvclopentadienyl) zirconium dichloride on silica 
functionalized with trimethylaluminum TMA 

[0057] 5 g of silica functionalized with TMA with a content in Al, determined by X rays fluorescence, of 4.1% were 
50 weighed in a 250 ml Schlenk. The sample was suspended in 100 ml of dry toluene. 

[0058] 0.076 g of cyclopentadienyl ((2-hydroxy-ethyl)-cyclopentadienyl) zirconium dichloride(0.2 mmol) was added 
to the above described suspension. The addition was realized at room temperature and the reaction mixture was 
maintained under continuous stirring for 12 hours. 

[0059] At the end of that time the suspension was transferred to a filtering plate and the yellow solid was washed 
55 with about 500 ml of toluene at room temperature. The washed solid was then maintained under vacuum for 24 hours. 
[0060] The content of zirconium in the sample determined by fluorescence of X rays was 0.35% by weight. 
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Example 5. Reaction of (cvciopentadienvnf(2'hvdroxv-ethvi)-cyclopentaclienvl)zirconium dichloride with 
methylalumoxane (MAO) 

[0061] A solution of 0.21 g (0.59 rnmol) of (cyclopentadienyl)((2-hydroxy-ethyl)cyclopentadienyl) zirconium dichloride 
5 was added to another solution of 25 ml of MAO (0.037 moles of Al), at room temperature, in 20 ml of toluene. 

[0062] The reaction mixture was left at that same temperature for 2 hours and no significant change was observed. 
The solution was then brought to dryness and an oily residue was obtained. After washing twice with two fractions of 
20 ml of hexane an orange solid residue is obtained; the solid is then dried under vacuum. 

[0063] The content of aluminium and zirconium in the sample determined by fluorescence of X rays was: 2.78% of 
10 Zr and 32.3% of Al. 

Example 6. Reaction of (cyclopentadienvl)((2-hvdroxv-ethy])-cvclopentadienyl) zirconium dichloride with TMA 

[0064] 3.90 ml (3.23 rnmol) of TMA was added to a suspension of 0.36 g (1 .07 rnmol) of (cyclopentadienyl)((2-hy- 
is droxy-ethyl)-cyclopentadienyl) zirconium dichloride in 25 ml of dry toluene. The addition was realized drop by drop 
from an addition funnel at room temperature and it was immediately observed methane evolution. 
[0065] Then the solution became turbid and it was observed the formation of a white product. 
[0066] The reaction mixture was left for 12 hours at room temperature. The solution was separated from the white 
product by filtration under inert atmosphere on a porous plate. Then the solid residue was dried under vacuum for 12 
20 hours. At the end (cyclopentadienyl) ((2-dimethylaluminoxi-ethyl)-cyc!opentadienyl)] zirconium methylchloride was iso- 
lated as a dusty white solid insoluble in aliphatic solvents. (0.27 g Yield: 70%) 1 H-NMR: (THF dS): -0.6 (s,6H), 0.30 (s, 
3H), 2.7 (m,1H), 2.9 (ds,1H), 4.75 (bs, 1H), 5.1 (bs, 1H), 6.05 (bs,2H), 6.15 (bs.sH), Mass spectrum: M + -73.05:(298): 
40% 

25 Polymerization tests with cyclopentadienyl [(hydroxypropy I- cyclopentadienyl)] zirconium dichloride on silica 
functionalized with MAO 

Generalconditions for the polymerization of ethylene 

30 [0067] The ethylene polymerization reactions were carried out in a reactor Buchi of the capacity of 1 liter under 
anhydrous conditions. The reactor, charged with 600 ml of dry and degassed heptane, was conditioned at 70° C. Before 
pressurizing the reactor with ethylene it was injected the cocatalyst at a pressure of 1 atmosphere. Then the reactor 
was pressurized up to 3.75 atmospheres. At the end the catalyst was injected by using 0.25 atmospheres of super- 
pression of ethylene. The polymerization reactions were maintained in these conditions of pressure (4 atmospheres) 

35 and temperature (70°C). The suspension was stirred at 1 .200 rpm for fifteen or thirty minutes. 

Example 7. Polymerization of ethylene 

[0068] In the reactor it was injected 2 ml (3 rnmol of Al) of MAO from a solution of 10% of aluminium in toluene, 
40 commercialized by Witco. To this solution it was added 0.1 g of the catalyst (cyclopentadienyl)((3-hydroxy-propyl-)- 
cyclopentadienyl) zirconium dichloride (5.4 u-mol of Zr) on silica functionalized with MAO, prepared according to the 
description of example 3. The polymerization reaction was maintained at a temperature of 70°C and an ethylene pres- 
sure of 4 atmospheres for 15 minutes. At the end of the reaction the medium pressure was rapidly reduced and the 
reaction was completed by adding acidified methanol. It was obtained 14.3g of polymer with Mn-47,600 Mw= 188,000, 
45 Mw/Mn 3,95 (Activity: 3.24 E06 g PE/(mol Zr*hr*atm)). 

Example 8. Polymerization of ethylene 

[0069] In the polymerization reactor it was injected 2 ml (4.46 rnmol of Al) of a TIBA solution (1 .34 M in heptane). To 
50 this solution it was added 0.1 g of the catalyst (cyclopentadienyl) ((3-hydroxy-propyl)-cyclopentadienyl) zirconium 
dichloride supported on silica functionalized with MAO, prepared according the description of example 3 (5.4 rnmol of 
Zr). The polymerization reaction was maintained at a temperature of 70°C and an ethylene pressure of 4 atmospheres 
for 15 minutes. When the reaction was finished, the pressure was rapidly reduced and acidified methanol was added 
to the medium. It was obtained 4 g of polyethylene with: Mv = 205.363, Mn =66,300 Mw = 221,200 Mw/Mn = 3,34 
55 (Activity: 3.24 E06 g PE/(mol Zr*hr*atm)). 
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Example 9. Polymerization of ethylene 

[0070] In the polymerization reactor it was injected 0.10 g of the catalyst (cyclopentadienyl)((3-hydroxy-propyl)-cy- 
clopentadienyl) zirconium dichloride (5.4 mmol of Zr) supported on silica functionalized with MAO, prepared according 
s the description of example 3. The polymerization reaction was maintained at a temperature of 70°C and an ethylene 
pressure of 4 atmospheres for 15 minutes. When the reaction was finished, the pressure was rapidly reduced and 
acidified methanol was added to the medium. It was obtained 1.2 g of polyethylene with: Mv = 302.405, Mn =58,400 
Mw = 273,900 Mw/Mn = 4,64 (Activity: 0.27 E06 g PE/(mol Zr*hr*atm)). 

to Example 10. Copolymerization of ethylene with 1-hexene 

[0071] In the reactor it was injected 10 ml of 1-hexene (24.2% of comonomer in the feedstock) and 2 ml of a MAO 
solution of (10% by weight of aluminium 3 mmol of Al). To this solution it was added 0.1 g of the catalyst (cyclopenta- 
dienyl)(3-hydroxy-propyl) cyclopentadienyl) zirconium dichloride (5.4jimol of Zr) supported on silica functionalized with 
15 MAO, prepared according to the description in example 3. The polymerization reaction was maintained at a temperature 
of 70°C and an ethylene pressure of 4 atmospheres for 15 minutes. At the end of the reaction the pressure was rapidly 
reduced and the reaction was completed by adding acidified methanol. It was obtained 3.8 g of copolymer with 1.14% 
of hexene in the copolymer, Mn= 119,400 Mw= 297,800 Mw/Mn= 2,49 (Activity: 0.89 g PE/(mol Zr*hr*atm)). 

20 Example 11. Copolymerization of ethylene with 1-hexene 

[0072] The copolymerization reaction was realized by following the same proceeding described in example 10, but 
with the difference that it was used 2 ml of a TIBA solution in heptane (1.34 M in total aluminium)instead of the MAO 
solution. After 15 minutes of polymerization it was obtained 2.3 g of polymer with: Mn = 59,300 Mw = 167,400 Mw/Mn 
25 - 2,82 (0.53 E06 g PE/mol Zr*hr*atm). The content in 1-hexene in the copolymer, determined by 13 C-NMR, was 1.15 
molar distributed at random. 

Example 12. Copolymerization of ethylene with 1-hexene 

30 [0073] The copolymerization reaction was realized by following the same proceeding described in example 10, but 
with the difference that no MAO solution was added. After 15 minutes of polymerization it was obtained 0.25 g of 
polymer (0.15 E06 g PE/mol Zr*hr*atm). The content in 1-hexene in the copolymer, determined by 13 C-NMR. was 0.94 
molar distributed at random. 

35 Example 13. Copolymerization of ethylene with 1-hexene 

[0074] The copolymerization reaction was realized by following the same proceeding described in example 10, but 
with the difference that once the solvent was added and before pressurizing the reactor, it was injected 20 ml of dry 
1-hexene recently distilled (39% of hexene in the feedstock). It was used 1 ml of a solution of MAO in toluene (1 .5 M 
40 of total aluminium) and 0. 1 g of catalyst. After 15 minutes of polymerization it was obtained 4.2 g of polymer (0.9 E06 
g PE/mol Zr*hr*atm). The content in 1-hexene in the copolymer, determined by 13 C-NMR, was ... molar distributed at 
random. 

Example 14. Copolymerization of ethylene with 1-hexene 

45 

[0075] The copolymerization reaction was realized by following the same proceeding described in example 13, but 
with the difference that it was used 2 ml of a TIBA solution in heptane (1 .34 M of total aluminium) instead of the MAO 
solution. After 15 minutes of polymerization it was obtained 2.8 g of polymer with: Mv - 127.209, Mn =48,700 Mw = 
154,300 Mw/Mn = 3,17 (0.56 E06 g PE/mol Zr*hr*atm). The content in 1-hexene in the copolymer, determined by 13 C- 
50 NMR, was 2.3 molar distributed at random. 

Example 1 5. Copolymerization of ethylene with 1 -hexene 

[0076] The copolymerization reaction was realized by following the same procedure described in example 13, but 
55 with the difference that no MAO solution was added. After 1 5 minutes of polymerization it was obtained 0. 1 g of polymer 
with: Mv = 302.415... (0.8 E05 g PE/mol Zr*hr*atm). The content in 1-hexene in the copolymer, determined by 13 C- 
NMR, was ... molar distributed at random. 
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Polymerization tests with (cyclopentadienyl) ((2-hydroxy-ethyl)-cyclopentadienyl) zirconium dichloride 
reacted with MAO 

Example 16. Polymerization of ethylene 

5 

[0077] The polymerization reaction was realized by following the proceeding described in example 7. In the polym- 
erization reactor it was injected 2 ml (3 mmol of Al) of MAO extracted from a solution 1.5 M in toluene. To this solution 
it was added 0.04 g of the catalyst (cyclopentadienyl)((2-hydroxy-ethyl)- cyclopentadienyl) zirconium dichloride, ac- 
cording to the description of example 5 (0.12 u.mol of Zr). The polymerization reaction was maintained at a temperature 
10 of 70°C and an ethylene pressure of 4 atmospheres for 1 5 minutes. At the end of the reaction, the pressure was rapidly 
reduced and acidified methanol was added to the medium. It was obtained 7.6 g of polyethylene with Mv = 186.839, 
Mn = 65,700 Mw = 218,200 Mw/Mn = 3,32 (Activity: 0.47 E06 g PE/ (mol Zr*hr*atm)). 

Example 17. Polymerization of ethylene 

15 

[0078] The polymerization reaction was realized by following the procedure described in example 7. In the polym- 
erization reactor it was injected 3 ml of TIBA solution 1 .35 M in heptane. To this solution it was added 0.04 g of the 
catalyst (cyclopentadienyl)((2-hydroxy-ethyl)- cyclopentadienyl) zirconium dichloride reacted with MAO, prepared ac- 
cording to the description of example 5 (0.12 fimol of Zr). The polymerization reaction was maintained at a temperature 
20 of 70° C and an ethylene pressure of 4 atmospheres for 1 5 minutes. At the end of the reaction, the pressure was rapidly 
reduced and acidified methanol was added to the medium. It was obtained 1 .7 g of polyethylene with Mn = 67,500 Mw 
= 241 ,000 Mw/Mn = 3,57 (Activity: 0.16 E06 g PE/ (mol Zr*hr*atm)). 

Polymerization tests with (cyclopentadienyl)((2-dimethylaluminoxi-ethyl)cyclopentadienyl) zirconium 
25 methylchloride 

Example 18. Polymerization of ethylene 

[0079] The polymerization reaction was realized by following the proceeding described in example 7. In the polym- 
30 erization reactor it was injected 2 ml of MAO solution (1 .5 M aluminium in toluene). To this solution it was added 0.012 
g of the (cyclopentadienyl)((2-dimethylaluminoxi-ethyl)-cyclopentadienyl) zirconium methylchloride, prepared accord- 
ing to the description of example 6 (0.30 umol of Zr). The polymerization reaction was maintained at a temperature of 
70°C and an ethylene pressure of 4 atmospheres for 15 minutes. At the end of the reaction, the pressure was rapidly 
reduced and acidified methanol was added to the medium. It was obtained 6.1 g of polyethylene (Activity: 0.20 E06 g 
35 PE/ (mol Zr*hr*atm)). 

Example 19. Polymerization of ethylene 

[0080] The polymerization reaction was realized by following the procedure described in example 7. In the polym- 
40 erization reactor it was injected 3 ml of TIBA solution (1 .35 M in heptane). To this solution it was added 0.100 g of the 
(cyclopentadienyl)((2-dimethylaluminoxi-ethyl)- cyclopentadienyl) zirconium methylchloride, prepared according to the 
description in example 6 (4.8 unriol of Zr). The polymerization reaction was maintained at a temperature of 70° C and 
an ethylene pressure of 4 atmospheres for 15 minutes. At the end of the reaction, the pressure was rapidly reduced 
and acidified methanol was added to the medium. It was obtained 3.3 g of polyethylene (Activity: 0.10 E06 g PE/ (mol 
45 Zr*hr*atm)). 

Polymerization tests with (cyclopentadienyl)((2-hydroxy-ethyl)- cyclopentadienyl) zirconium dichloride on 
silica f unctionalized with TMA 

50 Example 20. Polymerization of ethylene 

[0081] The polymerization reaction was realized by following the procedure described in example 7. In the polym- 
erization reactor it was injected 3 ml of MAO solution (1 .5 M aluminium in toluene. To this solution it was added 0.012 
g of the (cyclopentadienyl)((2-hydroxy-ethyl)- cyclopentadienyl) zirconium dichloride on silica functionalized with TMA, 
55 prepared according to the description of example 4 (4.8 pmol of Zr). The polymerization reaction was maintained at a 
temperature of 70°C and an ethylene pressure of 4 atmospheres for 1 5 minutes. At the end of the reaction, the pressure 
was rapidly reduced and acidified methanol was added to the medium. It was obtained 2.1 g of polyethylene (Activity. 
0.44 E06 g PE/ (mol Zr*hr*atm)). 
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Example 21 . Polymerization of ethylene 

[0082] The polymerization reaction was realized by following the procedure described in example 7. In the polym- 
erization reactor it was injected 3 ml of MAO extracted from a solution 1 .34 M in toluene. To this solution it was added 
5 0.100 g of the (cyclopentadienyl)((2-hydroxy-ethyl)-cyclopentadienyl) zirconium dichloride on silica functionalized with 
TMA, prepared according to the description in example 4 (4.8 ujtioI of Zr). The polymerization reaction was maintained 
at a temperature of 70°C and an ethylene pressure of 4 atmospheres for 15 minutes. At the end of the reaction, the 
pressure was rapidly reduced and acidified methanol was added to the medium. It was obtained 0. 1 6 g of polyethylene 
(Activity: 0.9 EOS g PE/ (mol Zr*hr*atm)). 

10 

Example 22. Polymerization of ethylene 

[0083] The polymerization reaction was realized by following the procedure described in example 7. In the polym- 
erization reactor it was injected 1 ml of TIBA solution (1.34 M in heptane) and 2 ml of MAO solution (1.5 M aluminium 

is in toluene). To this solution it was added 0.200 g of (cyclopentadienyl)((2-hydroxy-ethyl)-cyclopentadienyl) zirconium 
dichloride on silica functionalized with TMA, prepared according to the description of example 4 (4.8 u.mol of Zr). The 
polymerization reaction was maintained at a temperature of 70°C and an ethylene pressure of 4 atmospheres for 15 
minutes. At the end of the reaction, the pressure was rapidly reduced and acidified methanol was added to the medium. 
It was obtained 2.2 g of polyethylene with: Mv = 122.737, Mn = 74,400 Mw =244,200 Mw/Mn = 3,28 (Activity: 0.26 E06 

20 g PE/ (mol Zr*hr*atm)). 



Claims 

25 1 . Heterogeneous catalytic component obtainable by reacting a porous inorganic support with a metallocene com- 
pound characterized in that the metallocene compound is defined by the following general formulas: 

(LR k ) 2 [LR M (R'0H) f ] x MX y I 



35 
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55 wherein: 

L, equal to or different from each other, is selected from the group comprising: 
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cyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl, octahydrofluorenyl or benzoindenyl; 
each R is independently selected from hydrogen, C^-C 20 alkyl, C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C 3 -C 20 alkenyl, 
C 7 -C 20 arylalkyl, C r C 20 alkylaryl, Cq-C^ arylaikenyl, linear or branched, optionally substituted by 1 to 10 
halogen atoms, or a group SiR M 3 ; 

each R', equal to or different from each other, is a divalent aliphatic or aromatic hydrocarbon group containing 

from 1 to 20 carbon atoms, optionally containing from 1 to 5 heteroatoms of groups 14 to 16 of the periodic 

table of the elements and boron ; 

each Q is independently selected from B, C, Si, Ge, Sn; 

M is a metal of group 3, 4 or 10 of the Periodic Table, Lanthanide or Actinide; 

each X is independently selected from: hydrogen, chlorine, bromine, OR", NR'^, C r C 20 alkyl or C 6 -C 20 aryl; 
each R» is independently selected from C,-C 20 alkyl , C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C^C^ alkenyl, C 7 -C 20 
arylalkyl, C 7 -C 20 arylaikenyl or alkylaryl, linear or branched; R n is methyl, ethyl, isopropyl; 
L' is N or O; 

when L is cyclopentadienyl k is equal to 5, when L is indenyl k is equal to 7, when L is fluorenyl or benzoindenyl 

k is equal to 9, when L is tetrahydroindenyl k is equal to 11 and when L is octahydrofluorenyl, k is equal to 17; 

z is equal to 0, 1 or 2; 

x is equal to 1 , 2 or 3; 

y is equal to 1, 2 or 3; 

x + y + z is equal to the valence of M; 

m is an integer which can assume the values 1 , 2, 3 or 4; 

a and b are integers whose value ranges from 0 to k-1 ; 

f is an integer whose value ranges from 1 to k; 

g is 0 or 1 ; 

c and e are equal to 0 or 1 ; 

a + b + c is at least 1 ; 

a + g + c is at least 1 ; 

d is equal to 0, 1 or 2; 

when Q is B then c + d = 1 ; 

when Q is C, Si, Ge or Sn, then c + d = 2; 

when L' is N, then g + e = 1 ; 

when L' is O, then g = 0 and e = 0. 

Heterogeneous catalytic component according to claim 1 wherein R 1 is: C^-C^ alkylene, Cg-C^cycloalkylene, C 6 - 
C 20 arylene, Cy-Cgo alkenyl, C 7 -C 20 arylalkylene, or alkylarylene, linear or branched, or a group SiR» 2 ; 

Heterogeneous catalytic component according to claim 1 wherein R'OH is selected from: CH 2 -CH 2 OH, CH 2 -CH 2 - 
CH 2 OH, OCH 2 -CH 2 OH, SiMe 2 -CH 2 -CH 2 OH or SiMe2-CH 2 -CH 2 CH 2 OH. 

Heterogeneous catalytic component according to claims 1-2 wherein M is titanium, zirconium or hafnium. 

Heterogeneous catalytic component according to claims 1 -3 wherein the inorganic support is treated with alumox- 
ane or trialkylaluminum. 

Heterogeneous catalytic component obtainable by reacting an alumoxane or a trialkylaluminum with a metallocene 
compound belonging to one of the following general formulas: 

(LR k ) z [LR k . f (R'OH) f ] x MX y I 
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25 wherein: 

L, equal to or different from each other, is selected from the group comprising: cyclopentadienyl, indenyl, 
tetrahydroindenyl, fluorenyl, octahydrofluorenyl or benzoindenyl; 

each R is independently selected from hydrogen, 0,-020 alky I, C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C3-C20 alkenyl, 
30 c 7" c 20 arylalkyl, C 7 -C 20 alkylaryl, Cg-C^ arylalkenyl, linear or branched, optionally substituted by 1 to 10 

halogen atoms, or a group SiR M 3 ; 

each R 1 , equal to or different from each other, is a divalent aliphatic or aromatic hydrocarbon group containing 
from 1 to 20 carbon atoms, optionally containing from 1 to 5 heteroatoms of groups 14 to 16 of the periodic 
table of the elements and boron ; 
35 each Q is independently selected from B, C, Si, Ge, Sn; 

M is a metal of group 3, 4 or 10 of the Periodic Table, Lanthanide or Actinide; 

each X is independently selected from: hydrogen, chlorine, bromine, OR", NR n 2 , C^C^j alkyl or C 6 -C 20 aryl; 
each R" is independently selected from Cy0 2 o alkyl , O^C^ cycloalkyl, C 6 -C 20 aryl, C^-C^q alkenyl, C 7 -C 20 
arylalkyl, C 7 -C 20 arylalkenyl or alkylaryl, linear or branched; R" is methyl, ethyl, isopropyl; 
40 L' is N or O; 

when L is cyclopentadienyl k is equal to 5, when L is indenyl k is equal to 7, when L is fluorenyl or benzoindenyl 

k is equal to 9, when L is tetrahydroindenyl k is equal to 11 and when L is octahydrofluorenyl, k is equal to 17; 

z is equal toO, 1 or 2; 

x is equal to 1 , 2 or 3; 
45 y is equal to 1 , 2 or 3; 

x + y + 2 is equal to the valence of M; 

m is an integer which can assume the values 1, 2, 3 or 4; 

a and b are integers whose value ranges from 0 to k-1 ; 

I is an integer whose value ranges from 1 to k; 
so g is 0 or 1 ; 

c and e are equal to 0 or 1 ; 

a + b + c is at least 1 ; 

a + g + c is at least 1 ; 

d is equal to 0, 1 or 2; 
55 when Q is B then c + d = 1 ; 

when Q is C, Si, Ge or Sn, then c + d - 2; 

when L' is N, then g + e = 1 ; 

when L' is O, then g = 0 and e = 0. 
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Heterogeneous catalytic component according to claims 1-6 wherein in the metailocene compound at least one L 
is a fluorenyl or octahydrofluorenyl ring. 

Heterogeneous catalytic system comprising the heterogeneous catalytic component of claims 1 -7 and a cocatalyst 
selected from the group consisting of: alkylaluminoxane, trilakylaluminum, Lewis acid and mixtures thereof. 

Process for the polymerization of alpha olefins in slurry, in gas phase, in bulk or in solution characterized by the 
use of the catalyst of claim 8. 
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